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[57] ABSTRACT

A process for restarting an adsorption receptacle which 1s
part of an installation for the purification of hydrogen by
pressure swing adsorption (PSA), which receptacle, during
a hiatus in its operation, has been depressurized and then
rendered inert with nitrogen. The receptacle 1s repressurized
with practically pure hydrogen, and then the adsorption
cycle is restarted in this receptacle. The repressurization is
cficcted counter-current with respect to the adsorption direc-
tion in the receptacle. The receptacle is repressurized with
hydrogen produced by the installation before the hiatus. The
process can be used for the treatment of a catalytic hydro-
carbon reforming gas, in which case the receptacle contains
successively, in the adsorption direction, a layer of alumina,
a layer of carbon and a layer of molecular sieve. Or the
process can be used for the treating of a petroleum refinery
residual gas, in which case the receptacle contains succes-
sively, in the adsorption direction, a layer of carbon with
relatively large pores, a layer of carbon with relatively small
pores and a layer of molecular sieve.

7 Claims, No Drawings
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PROCESS FOR RESTARTING A
RECEPTACLE FOR PURIFYING
HYDROGEN BY ADSORPTION, AND ITS
USE IN THE TREATMENT OF CERTAIN
GASES CONTAINING HYDROGEN

The present invention relates to a process for restarting
an installation for the purification of hydrogen by adsorption
by pressure variation (PSA), which installation, during a
hatus 1n its operation, has been depressurized then rendered
inert with nitrogen. It is applicable for example to the
treatment of reforming gases with hydrocarbon vapor or
residual gases from petroleum refineries.

The pressures herein are absolute pressures.

For reasons of safety, installations of the “PSA” (Pres-
sure Swing Adsorption) type adapted to purify gases con-
taiming hydrogen must be depressurized and rendered inert
with nitrogen when out of operation.

To restart the installation, it is necessary first to return the
pressure of the receptacles in the adsorption phase to the
high pressure of the adsorption cycle, which 1s the pressure
or the charge or “feed”.

To do that, the conventional technique consists of intro-
ducing into the receptacles in question the gas to be treated,
first expanded, this introduction taking place in the so-called
“co-current” direction, which is the direction of circulation
in the receptacles during the adsorption phase.

In addition to the fact that this seems quitc natural,
because one anticipates in this way the adsorption phase
without any changing of valves, there is thus avoided the
injection of impurities to be eliminated in the outlet side of
the receptacles. This is in any event imperative to avoid the
pollution arising from the adsorption layer nearest this
outlet, constituted by molecular sieve, by the heavy and/or
aromatic hydrocarbons or by the water contained in the
charge.

However, this conventional technique has serious draw-
backs.

On the one hand, when the charge is introduced co-
currently under a reduced pressure for repressurization, the
adsorption of the impurities by the first layers of adsorbent
is less effective, and as a result a portion of the impurities
reaches the molecular sieve.

In particular, if the charge contains CO.,, which 1s the
case for reforming gases with steam, it 1s necessary then to
use numerous PSA cycles to desorb this CO, from the
molecular sieve, which gives rise to a large loss of produc-
tion, typically of the order of several hours. And if the charge
contains heavy and/or aromatic hydrocarbons, which is the
case for residual petroleum refinery gases, these substances
cause irreversible pollution of the molecular sieve, thus
progressively degrading, with each stopping, the perfor-
mance of the installation. |

The invention has for its object to mimimize the duration
of restarting installations for the purification of hydrogen of
the PSA type while increasing the lifetime of their adsor-
bents.

To this end, the invention has for its object a process for
restarting an installation for the purification of hydrogen by
adsorption with pressure variation (PSA), which installation,
during a hiatus in its operation, has been depressurized and
then rendered inert with nitrogen, characterized in that at
least one adsorption receptacle of the installation is repres-
surized with practically pure hydrogen, then the adsorption
cycle is restarted in this receptacle.

Preferably, repressurization is effected counter-current
relative to the adsorption direction in the receptacle.
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The receptacle can for example be repressurized with the
hydrogen produced by the instailation before its stopping.

The invention also has for an object the use of such
process on the one hand for the treatment of a reforming gas
with hydrocarbon vapors, on the other hand, for the treat-
ment of a petroleum refinery residual gas.

There will be described below two examples of operation
of the invention.

"EXAMPLE 1

There is treated by PSA adsorption a steam reforming
hydrocarbon gas containing principally a mixture of H,/CO,
and, as minor impurities, CO, CH, N, and H,O. The high
pressure of the cycle is of the order of 20 to 30 bars. Each
adsorption receptacle contains successively, in the adsorp-
tion direction, a layer of alumina, a layer of carbon and a
layer of molecular sieve.

Upon stopping, these receptacles have been depressur-
ized, generally counter-current, then filled with nitrogen
under a low pressure of 2 to 3 bars.

With the conventional technique above for restarting, the
charge is introduced co-currently, after expansion, into each
receptacle to be placed in adsorption phase. The water 1s
stopped by the alumina, but the CO, reaches the molecular

sieve. Before resuming production, it 1S necessary to ensure
the desorption of the CO, by PSA.

For an installation having a nominal production capacity
of 10,000 Nm>/h of hydrogen, the duration of this prelimi-
nary desorption is about 1 hour, which corresponds to a loss
of production of about 10,000 Nm> of hydrogen.

With the technique of the present invention, the counter-
current repressurization of the receptacles with practically
pure hydrogen consumes 1,000 Nm® of hydrogen and last 15
minutes, which corresponds to a production loss of 2,500

Nm® of hydrogen. The total hydrogen loss is therefore
1,00042,500=3,500 Nm" of hydrogen.

Comparing these two processes, it will be seen that the
process of the invention permits obtaining an overall gain of
hydrogen product of 6,500 Nm® for each restarting.

EXAMPLE 2

A petroleum refinery residual gas is treated by PSA
adsorption, containing 60 to 90% H, the rest being C H,
impurities, including heavy hydrocarbons and aromatic
hydrocarbons. The high pressure of the cycle 1s of the order
of 30 bars. Each adsorption receptacle contains successively,
in the adsorption direction, a layer of carbon with large
pores, carbon with small pores, and a layer of molecular
sieve.

During one hiatus, again, the receptacles have been
depressurized, generally counter-current, then filled with
nitrogen under a low pressure of 2 to 3 bars.

With the recited conventional technique, a portion of the
heavy and aromatic hydrocarbons reaches the molecular
sieve and irreversibly pollutes it. Moreover, to eliminate the
impurities, particularly ethane, which pollute the molecular
sieve irreversibly during repressurization, it 1S necessary to
effect numerous cycles of PSA desorption.

For an installation having a nominal production capacity
of 10,000 Nm>/h of hydrogen, the duration of this prelimi-
nary desorption is about 2 hours, which corresponds to a 1oss
of production of about 20,000 Nm> of hydrogen.
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With the technique of the present invention, the counter-
current repressurization of the receptacles by practically
pure hydrogen consumes 1,700 Nm” of hydrogen, and lasts
15 minutes, which corresponds to a loss of production of
2,500 Nm” of hydrogen. The total hydrogen loss is therefore
1,700+2,500=4,200 Nm’ of hydrogen.

Comparing the two procedures, it will be seen that the
procedure of the invention permits achieving an overall gain
of 15,800 Nm® of hydrogen product each restarting, and this
without deteriorating the molecular sieve.

As will be seen, the consumption of pure hydrogen
involved in the process of the invention 1S very greatly
compensated by the large decrease of the duration of restart-
ing. This is due to the absence of impurities injected at low
‘pressure, this absence rendering possible the counter-current
repressurization, which gives rise to the return toward the
inlet of the receptacles of the impurity front not desorbed
during stopping.

In each use, the practically pure hydrogen used for
repressurization before restarting can be withdrawn from a
distribution network or from receptacles for handling hydro-
gen. In particular, it is generally a matter of hydrogen
produced by the installation itself before the stopping in
question.

I claim:

1. In a process for restarting an adsorption receptacle
which is part of an installation for the purification of
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hydrogen by pressure swing adsorption (PSA), which recep-
tacle, during a hiatus in its operation, has been depressurized
and then rendered inert with nitrogen; the improvement
comprising repressurizing the receptacle with substantially
pure hydrogen, and then restarting an adsorption cycle in
this repressurized receptacle.

2. Process according to claim 1, wherein the repressur-
ization is effected counter-current with respect to the direc-
tion in which hydrogen to be purified moves through the
receptacle.

3. Process according to claim 1, wherein said repressur-
izing of the receptacle is conducted with hydrogen produced
by the installation before said hiatus.

4. Process according to claim 1, wherein the hydrogen to
be purified is a catalytic hydrocarbon reforming gas.

5. Process according to claim 4, wherein the receptacle
contains successively, in the direction in which hydrogen to
be purified moves through the receptacle, a layer of alumina,
a layer of carbon and a layer of molecular sieve.

6. Process according to claim 1, wherein the hydrogen to
be purified is a petroleum refinery residual gas.

7. Process according to claim 6, wherein the receptacle
contains successively, in the direction in which hydrogen to
be purified moves through the receptacle, a layer of carbon
with relatively large pores, a layer of carbon with relatively
small pores and a layer of molecular sieve.
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